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Abstract
Aims
Type 2 diabetes mellitus (T2DM), a serious and prevalent chronic disease, is traditionally
associated with older age. However, due to the rising rates of obesity and sedentary life-
styles, it is increasingly being diagnosed in the younger population. Sedentary (sitting)
behaviour has been shown to be associated with greater risk of cardio-metabolic health out-
comes, including T2DM. Little is known about effective interventions to reduce sedentary
behaviour in younger adults at risk of T2DM. We aimed to investigate, through a rando-
mised controlled trial (RCT) design, whether a group-based structured education workshop
focused on sitting reduction, with self-monitoring, reduced sitting time.
Methods
Adults aged 18–40 years who were either overweight (with an additional risk factor for
T2DM) or obese were recruited for the Sedentary Time ANd Diabetes (STAND) RCT. The
intervention programme comprised of a 3-hour group-based structured education work-
shop, use of a self-monitoring tool, and follow-up motivational phone call. Data were col-
lected at three time points: baseline, 3 and 12 months after baseline. The primary outcome
measure was accelerometer-assessed sedentary behaviour after 12 months. Secondary
outcomes included other objective (activPAL) and self-reported measures of sedentary
behaviour and physical activity, and biochemical, anthropometric, and psycho-social
variables.
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Results
187 individuals (69% female; mean age 33 years; mean BMI 35 kg/m2) were randomised to
intervention and control groups. 12 month data, when analysed using intention-to-treat anal-
ysis (ITT) and per-protocol analyses, showed no significant difference in the primary out-
come variable, nor in the majority of the secondary outcome measures.
Conclusions
A structured education intervention designed to reduce sitting in young adults at risk of
T2DM was not successful in changing behaviour at 12 months. Lack of change may be due
to the brief nature of such an intervention and lack of focus on environmental change. More-
over, some participants reported a focus on physical activity rather than reductions in sitting
per se. The habitual nature of sedentary behaviour means that behaviour change is
challenging.
Trial Registration
Controlled-Trials.com ISRCTN08434554
Introduction
Type 2 diabetes (T2DM) is one of the most prevalent and costly chronic diseases globally. In
the UK alone, 6% of the adult population are estimated to have the disease with a treatment
cost that equates to around 10% of the National Health Service budget, and this relative cost is
projected to increase to 17% by 2035 [1]. The increasing burden of T2DM is driven by our
modern environments where sedentary lifestyles and ready access to energy dense foods now
represent the norm. This modern environmental reality, particularly in younger populations,
has precipitated a substantial shift in the demographic profile of T2DM. Once the disease only
occurred in older age, but it is now a clinical reality from adolescence onwards [2–4]. Evidence
shows a 10-fold increase in the prevalence of T2DM in younger adults and youth over the last
couple of decades [5]. This highlights the need for bespoke prevention and treatment pathways
that are tailored towards younger populations.
There is now unequivocal evidence that progression to T2DM can be delayed in high risk
populations by lifestyle intervention [6]. Traditional diabetes prevention programmes have
focused on the promotion of physical activity, a healthy diet, and weight loss and have been
shown to reduce the risk of T2DM by 30–60% [6, 7]. However, there is now mounting evidence
that these interventions may have overlooked a lifestyle behaviour that is also important to
metabolic health, sedentary behaviour. This is defined as any sitting (or lying) behaviours with
low energy expenditure during waking hours [7]. Sedentary behaviour is quantitatively differ-
ent from lack of moderate-to-vigorous intensity physical activity (MVPA). Interventions
aimed at increasing MVPA typically focus on promoting behaviour change in a 30–60 minute
window, with little regard for what happens during the rest of the day. Therefore, it is possible
to meet the current MVPA recommendations for health and still be highly sedentary (i.e. sit a
great deal). There is mounting epidemiological evidence that, independent of MVPA, time
spent sedentary is associated with a greater risk for all-cause and cardiovascular mortality,
chronic disease morbidity and the metabolic syndrome, with strongest effects for cardiometa-
bolic outcomes, particularly type 2 diabetes [8–11]. This observational evidence is supported
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by experimental research that has shown that regularly breaking sedentary behaviour through-
out the day with light activity significantly improves glucose regulation compared to prolonged
sitting [12]. Despite the potential beneficial effects of reducing sedentary behaviour on meta-
bolic health, particularly the risk of T2DM, there has been limited research investigating the
extent to which this behaviour can be modified using established behaviour change pro-
grammes [13–15].
There is now a plethora of evidence for the effectiveness and feasibility of group-based struc-
tured education programmes in people diagnosed with, or at high risk of, T2DM, but none
have these have addressed younger adults, nor sedentary behaviour. Many organisations [16]
highlight and recommend the use of structured education as a means of empowering people
with long term conditions. It is also well established within routine primary care [17, 18]. For
example, the ‘Diabetes Education and Self-Management for Ongoing and Newly Diagnosed’
(DESMOND) programme has a written curriculum with a person-centred philosophy and
learning techniques centred on attendance at one or more face-to-face workshops [19]. Yates
et al. [20, 21] successfully used a structured education programme in combination with pedom-
eter use to promote physical activity in those with a high risk of type 2 diabetes through the
PREPARE study. The provision of pedometers as a self-monitoring tool seemed to be key in
“promoting the self-regulatory strategies needed to convert the motivational impact of the edu-
cation into sustained behaviour change” [21].
Given the lack of research on younger adults at risk of T2DM at a time when the prevalence
of T2DM is increasing in this population, prevention strategies for this age group require devel-
opment and testing, including targeting sedentary behaviour. Research has shown that reduc-
tions in sitting time can be achieved in the workplace [15], often through the use of sit-stand
desks [22]. However, the use of other behaviour change strategies, such as counselling, is less
clear [23].
We aimed to investigate, through a randomised controlled trial design, whether a group-
based structured education workshop focused on sitting reduction, with self-monitoring,
reduced sitting time in this population. We further aimed to see whether favourable changes in
key behavioural and glycaemic and metabolic markers of T2DM risk could be achieved.
Method
A protocol paper has been published with further details of the methods [24] (see S1 File).
Design
This study was a two-arm, individually randomised controlled trial (RCT). 1:1 randomisation
(stratified by age, sex, and ethnicity) was set up by an independent statistician using a computer
generated list and was conducted remotely.
Study population and recruitment
Young adults identified as being at risk of developing T2DM were recruited from primary care
in Leicestershire and Northamptonshire, which are areas in central England with a diverse eth-
nic and socio-economic makeup. Invitations were sent from the General Practitioner to poten-
tial participants. Inclusion criteria were:
1. Age 18–40 years inclusive
2. BMI in the obese range (30kg/m2 with27.5kg/m2 for South Asians) or BMI in the over-
weight range (25kg/m2 with23kg/m2 for South Asians) and with one or more additional
risk factor for diabetes from i). family history of diabetes or cardiovascular disease in a first
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degree relative; ii). previous gestational diabetes; iii). polycystic ovarian syndrome; iv).
HbA1c5.8%; v). impaired glucose tolerance and/or impaired fasting glucose [25].
We anticipated that obese and overweight 18–40 year olds would be a hard to reach group
and as such we provided participants with 20 pounds sterling for each clinic visit in addition to
reimbursing travel expenses. The study was approved by the Nottingham National Health Ser-
vice Research Ethics Committee in May 2010 (see S1 Protocol). All participants signed written
informed consent. The trial was registered on 22nd Feb 2011 but started on 17th November,
2010 as this included preliminary qualitative work with participants not included in the RCT
[24]. The first participant was consented for the RCT on 9th March, 2011and the last partici-
pant was seen for their 12 month follow up visit on 23rd October, 2012. The authors confirm
that there are no ongoing or related trials for this intervention.
The Intervention and control group
Participants attended the baseline study visit and were then randomised to either the control or
intervention arm. The control group received an information leaflet focusing on key illness per-
ceptions of being at risk of T2DM, the importance of increasing physical activity and decreasing
sedentary behaviour. Each individual in the intervention arm was invited to attend a single
3-hour group-based structured education workshop delivered by two trained educators aimed at
targeting knowledge and perceptions of prevalent risk factors for type 2 diabetes and promoting
sedentary behaviour change. The workshop was based on previous structured education pro-
grammes [20, 26]. A rationale and detailed outline of the 3-hour workshop has been reported
previously [24]. In addition to attending the workshop, participants in the intervention arm were
given a sedentary behaviour and physical activity self-monitoring device to aid behaviour change
(‘Gruve’; MUVE, Inc, USA: http://www.gruvetechnologies.com/) [24] and received a follow-up
phone call six weeks after their attendance at the workshop. This was to review their progress,
and to discuss their goals and barriers with the aim of supporting behaviour change. This is sepa-
rate from the research-grade assessment devices used for outcomes measurement and was used
for self-monitoring only. The usefulness of the Gruve device was also discussed by phone.
Blinding participants to groups is not possible in this type of study. This could be a source
of bias and a limitation.
Outcome measures
All primary and secondary outcome measures were recorded at study visits at 0, 3 and 12
months. The primary outcome was a reduction in sedentary behaviour at 12 months, measured
using the Actigraph GT3X accelerometer. Sedentary behaviour was defined as<100 counts per
minute [27].
Participants were requested to wear the accelerometer on a waistband (in the right anterior
auxiliary line) for ten consecutive days during waking hours. The Actigraph was initialised
with a start and stop time and a 5 second epoch. Data were processed using a commercially
available tool (KineSoft version 3.3.76, Kinesoft, Loughborough, UK; www.kinesoft.org). A
‘valid day’ consisted of at least 10 hours of accelerometer movement data and participants with
less than 4 days of valid wear were excluded from the analysis. Non-wear time was defined as
60 minutes of continuous strings of zero counts.
Secondary outcomes
Sedentary and physical activity measures. We assessed physical activity and posture allo-
cation as secondary outcomes using both objective monitors and self-report methods. The
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Actigraph GT3X accelerometer assessed total body movement (counts per day), and time in
light-, moderate- and vigorous-intensity physical activity as determined by counts per minute
using Freedson cut points [28]. An activPAL3™ was worn for the same 10 day period as the Acti-
Graph and participants were asked to wear the device continuously 24 hours/day. The device
was initialised using manufacturer’s software with the default settings (i.e., 20Hz, 10s minimum
sitting-upright period) and was covered in a nitrile sleeve and fully wrapped in waterproof dress-
ing (Hypafix Transparent) to allow participants to wear the device during bathing activities. Par-
ticipants wore the activPAL3™ on the midline anterior aspect of the upper thigh and secured it
using hypoallergenic waterproof dressing (Hypafix Transparent). To isolate waking wear hours
from ‘sleeping’ (i.e., time in bed), prolonged non-wear periods and invalid data, an automated
process developed in STATA v13 was applied to event files [29]. Outcome variables included
time spent sitting/lying, standing, stepping, and number of sitting/lying to upright transitions.
Self-reported assessment of physical activity and sitting time was made using the short form
of the International Physical Activity Questionnaire (IPAQ) [30]. The short ‘last 7 days’ self-
administered format was used. Total and Domain-Specific Sitting Questionnaire [31] was used
to provide greater contextual information. The scale comprises five items to assess time spent
sitting (hours and minutes) each day while (a). travelling to and from places (e.g., work), (b). at
work, (c). watching television (TV), (d). using a computer at home, and (e). in leisure time but
excluding watching TV (e.g., dining out), on a weekday and a weekend day.
Biochemical variables. Participants were invited to attend each clinical measurement ses-
sion after a 12-hour fast and 24 hours of avoiding vigorous intensity exercise. Glucose control
and insulin sensitivity were assessed using standard laboratory methodology for fasting glu-
cose, 2-hour post challenge glucose, fasting insulin, and HbA1c. Serum total cholesterol, HDL
cholesterol, triglycerides were also measured. Low density lipoprotein cholesterol (LDL) was
estimated using the Friedewald equation [32].
Anthropometric, demographic and psychological data. Arterial blood pressure, body
weight, body fat percentage, waist circumference and height were recorded. Information on
current smoking status, medical and medication history, family history and ethnicity were
obtained by self-report.
Several important psychological variables were assessed to establish whether any interven-
tion effect is mediated by the targeted theoretical constructs or whether important psychosocial
outcomes are obtained. Data collected included quality of life (EQ-5D), self-efficacy for seden-
tary behaviour change, and anxiety and depression using the Hospital Anxiety and Depression
Scale ([24]).
Sample size
The minimum reduction in sedentary behaviour which would yield beneficial metabolic effects
has not been determined. Cross-sectional data suggests that a 10% increase in sedentary time is
associated with a 3.1cm increase in waist circumference, and that sedentary time is positively
associated with clustered metabolic risk [27]. Using the same dataset, the mean sedentary time
is 56.7 hours/week (8.1 hours/day). Assuming a minimum clinically important difference of
10% (5.67 hours/week) and a standard deviation of 12.1hours/week [27], we required 72 indi-
viduals to complete the study per arm assuming an alpha of 0.05 and 80% power. Target
recruitment was set at 90 individuals per arm to allow for an estimated dropout rate of 20%.
Data analysis
The study is reported according to the CONSORT statement for randomised controlled trials
(see S1 CONSORT Checklist). Primary analyses were on an intention-to-treat (ITT) basis.
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Randomisation groups were compared at 3 and 12 months using regression analysis adjusted
for the baseline value and stratification factors: age (<28,28 years), sex (male, female) and
ethnicity (white, non-white). Missing baseline values for outcomes were replaced with mean
values across the whole study, not by arm. Missing outcomes were replaced using multiple
imputation. Sensitivity analyses were performed for the 3 and 12 month outcomes by perform-
ing per-protocol analyses of those who attended the intervention workshops, and complete
case analyses, that is missing data were not imputed. To limit multiple testing, per-protocol
and complete case analyses were only performed for the sedentary outcomes at the time of the
primary end-point (12 months). Sensitivity analyses were also conducted using two different
accelerometer cut-points (<50 and<150 counts/min). Analyses were performed in STATA
v13. All p-values are two-sided. The statistician who analysed the data was blinded to treatment
allocation.
Results
Participants
The trial profile, using the CONSORT guidelines [33], shows participant progress (see Fig 1).
Recruitment started in 2011 and the final participant was assessed in 2012. Table 1 provides
descriptive statistics for intervention and control groups. Random assignment led to the con-
trol group being slightly older and having fewer females than the intervention group, but these
differences were small. We were successful in recruiting a clearly at-risk group, with a mean
BMI of 35 kg/m2 and 85% being obese. Moreover, the sample was highly sedentary, with both
groups having mean values around 11 hours per day.
In total 30 (32%) in the intervention group and 25 (27%) in the control group were lost to
follow-up at 12 months (see S1 Table). Those who were lost to follow-up in the intervention
group were not significantly different on any characteristics from those who completed the
study. Those who were lost to follow-up in the control group tended to live in areas with a
higher multiple deprivation score and to be unemployed (control group only). Of those allo-
cated to the intervention, 23 (24%) did not attend the structured education workshop. These
individuals were more likely to be in employment (see S2 Table).
Primary outcome
The primary outcome variable was accelerometer-determined sedentary time at 12 months.
Table 2 shows that small non-significant reductions were evident at 12 months for both groups
when analysing data using ITT. The intervention group reduced daily sedentary time by 17.4
minutes per day (95% CI: 45.0 mins/day decrease, 10.2 mins/day increase) and the control
group by 13.8 minutes (95% CI: 36.0 mins/day decrease, 8.4 mins/day increase). The adjusted
difference between the change in the two groups was not significant (p = 0.52). Sensitivity anal-
yses revealed that the results were not affected by using alternative cut-points of<50 counts/
min and<150 counts/min.
Secondary outcomes
Generally, there were no significant changes at 12 months in the other objectively measured
(Table 2) and self-reported (S3 Table) measures of sedentary behaviour although the interven-
tion group did show a significant reduction in self-reported sitting.
Data for physical activity, as assessed by the Actigraph accelerometer, activPAL, and self-
report, as well as biochemical, anthropometric, and psycho-social variables is shown in S4
Table. At 12 months, there were no significant changes in any of the objectively assessed or
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self-reported physical activity variables. For the biochemical, anthropometric and psycho-
social variables, no significant differences were noted at 12 months.
Sensitivity analyses
Results were unchanged in the per-protocol analyses and complete cases analysis (see S5 Table).
Discussion
A randomised controlled trial using structured education and self-monitoring failed to show a
significant reduction in sedentary behaviour in young adults at risk of T2DM when compared
Fig 1. CONSORT diagram of participant flow through the trial.
doi:10.1371/journal.pone.0143398.g001
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to controls. As far as we are aware this is the first RCT to address changes in sedentary behav-
iour for this age group and at risk of T2DM population. Results are in contrast to other group-
based structured education interventions with older adults targeting lifestyle change [26] and
physical activity [21]. However, in the study by Davies et al. [26], the workshops were for 6
hours—twice the time allocated to the current RCT. They found significant favourable changes
in biomedical, psychosocial, and lifestyle measures in adults (mean age 60 years) with newly
diagnosed type 2 diabetes. However, in the physical activity RCT reported by Yates et al. [21],
with adults above an average age of 64 years and with impaired glucose tolerance, only the
group receiving 3 hours of structured education and self-monitoring, through the use of
pedometers, increased their physical activity.
This suggests that our 3 hour structured education workshop may not be enough to achieve
behaviour change in young adults at risk of T2DM. Moreover, structured education for this
group may also require successful use of self-monitoring—something we felt we did not
achieve across all participants (see later).
It is possible that a one-off educational approach with self-monitoring, even when based on
prior experience and using a patient-centred approach, is simply not potent enough to bring
about sedentary behaviour change. This may be exacerbated by the population recruited. The
population targeted was younger adults at risk of T2DM. Adults in the range of 18–40 years are
likely to perceive little immediate risk, especially associated with a ubiquitous behaviour like
sitting.
Our results are consistent with two related studies. Evans et al’s [13] study of office workers
involved education concerning the consequences of prolonged sitting in addition to one group
also receiving prompts on their computer to break up their sitting. Results showed that the edu-
cation-only group did not change. However, sitting was reduced in the education plus prompts
Table 1. Descriptive characteristics at baseline by randomisation group.
Group 1
(intervention)
(n = 94)
Group 2 (control)
(n = 93)
All (n = 187)
Variable n Mean (SD) or
%
n Mean (SD) or
%
n Mean (SD) or
%
Age (years) 94 32.4 (5.4) 92 33.3 (5.8) 187 32.8 (5.6)
Gender (% female) 94 70.2 93 66.7 187 68.5
Ethnicity (% black and minority ethnic
group)
93 19.4 93 20.4 187 19.8
Systolic blood pressure (mmHg) 94 118.6 (12.8) 93 121.7 (14.2) 187 120.1 (13.6)
Diastolic blood pressure (mmHg) 94 82.5 (8.6) 93 84.8 (10.4) 187 83.6 (9.6)
BMI (kg/m2) 94 34.6 (4.9) 93 34.5 (5.0) 187 34.6 (4.9)
Obese (%) 94 86.2 93 82.8 187 84.5
Waist (cm) 94 103.9 (13.8) 93 102.7 (14.0) 187 103.3 (13.9)
Body fat (%) 94 40.8 (7.2) 93 40.4 (7.0) 187 40.6 (7.1)
Fat-free mass (%) 93 57.2 (13.8) 93 57.7 (12.4) 186 57.4 (13.1)
Cholesterol (mmol/l) 94 4.9 (0.9) 92 5.0 (1.0) 186 4.9 (1.0)
LDL (mmol/l) 93 2.9 (0.8) 89 3.0 (0.8) 182 3.0 (0.8)
HDL (mmol/l) 94 1.2 (0.3) 91 1.3 (0.3) 185 1.3 (0.3)
Triglycerides (mmol/l) 94 1.5 (0.8) 92 1.6 (1.5) 186 1.5 (1.2)
HbA1c (%) 93 5.6 (0.4) 92 5.6 (0.3) 185 5.6 (0.3)
Fasting glucose (mmol/l) 93 4.8 (0.6) 93 4.8 (0.5) 187 4.8 (0.5)
2-h glucose (mmol/l) 94 5.4 (1.8) 92 5.4 (1.4) 185 5.4 (1.6)
doi:10.1371/journal.pone.0143398.t001
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group. Similarly, in an intervention reported by Aadahl et al. [23], with men and women with a
mean age in their early 50s, the use of motivational counselling was not successful in signifi-
cantly reducing sitting time in comparison to controls.
The structured education in our study allowed participants to learn more about diabetes
and sedentary behaviour, as well as explore possible ways to reduce their sitting time. However,
once they left the workshop, they were essentially on their own to embed the strategies in to
their lives. Behaviour change science is now suggesting that education is just one of many ways
that could change behaviour [34, 35]. In addition, motivation to change will involve conscious
decision making as well as less conscious ‘automatic’ processes. The latter involve acting in
accordance with basic likes and dislikes and with rather little deliberation. Whether it is possi-
ble to create a situation where not sitting (i.e., standing and other light movement) is seen as
‘pleasurable’, and hence the default option, has not been tested. We also need to investigate
more overt changes to the environment. Automatic processing will involve habitual reactions
to the environment and acting out of habit. This is highly likely for sedentary behaviour where
chairs are provided and sitting is the norm. Provision of sit-stand desks, for example, has been
shown to successfully reduce sitting time [15, 22]. In short, it appears that education may not
be enough to reduced sedentary behaviour and that environmental changes may be needed.
This may particularly be the case if participants do not see themselves at high risk of diabetes
in the first place. Process evaluation (not reported here) suggested that this may have been the
case for many participants.
Feedback from participants also suggested that many participants tried to increase their
physical activity rather than reduce their sitting time. This may have been associated with
Table 2. Sedentary outcomes by randomisation group (intention to treat analysis)a.
Group 1 (Intervention) Group 2 (Control)
Outcome measure n Mean (95% CI) n Mean(95% CI) Difference (95% CI) P-value
Accelerometer measures
Average sedentary time per day, hoursb
Baseline 76 10.83 (10.50, 11.17) 80 11.01 (10.76, 11.26)
Change at 3 months 45 -0.08 (-0.48, 0.32) 54 -0.13 (-0.45, 0.19) 0.01 (-0.49, 0.52) 0.956
Change at 12 months 38 -0.29 (-0.75, 0.17) 49 -0.23 (-0.60, 0.14) -0.19 (-0.80, 0.41) 0.519
Average number of breaks in sedentary behaviour per day (LVPA bouts)
Baseline 76 694.7 (657.2, 732.2) 80 672.3 (639.9, 704.7)
Change at 3 months 45 -31.1 (-70.3, 8.01) 54 18.3 (-20.5, 57.1) -29.6 (-97.0, 37.9) 0.383
Change at 12 months 38 -1.92 (-42.8, 39.0) 49 9.56 (-39.9, 59.0) -2.96 (-73.0, 67.0) 0.932
ActivPal measures
Average sedentary time per day, hours
Baseline 60 8.91 (8.59, 9.24) 57 9.02 (8.73, 9.30)
Change at 3 months 34 0.75 (0.28, 1.21) 35 0.60 (0.09, 1.11) 0.09 (-0.55, 0.72) 0.785
Change at 12 months 32 0.64 (0.13, 1.16) 29 0.58 (0.06, 1.09) -0.12 (-0.99, 0.76) 0.789
Total sedentary to upright movements
Baseline 60 53.4 (50.6, 56.1) 57 51.9 (49.9, 53.9)
Change at 3 months 34 19.1 (14.3, 24.0) 35 20.0 (14.7, 25.3) -2.14 (-10.42, 6.14) 0.607
Change at 12 months 32 7.96 (3.29, 12.6) 29 5.63 (0.50, 10.76) -0.19 (-6.99, 6.61) 0.955
a Adjusted for stratiﬁcation factors. For accelerometer and activPAL variables, additionally adjusted for change in waking wear time.
b Primary outcome.
doi:10.1371/journal.pone.0143398.t002
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higher visibility in the media about physical activity and the confusion that can occur between
‘being sedentary’ (i.e. sitting) and ‘being inactive’ (i.e. not participating in moderate-to-vigor-
ous physical activity or ‘exercise’). In a recent meta-analysis, it was shown that interventions
focussing on physical activity—alone or in combination with sedentary behaviour—showed no
evidence of a statistically significant effect for reducing sedentary behaviour [36].
One element of our intervention was the use of a self-monitoring device. In addition to
allowing feedback on sedentary time (via a computer), this prompted the participant through
its vibration function if they had been sitting for an extended period. Research suggests that
self-monitoring is an important and successful behaviour change technique [37]. Feedback
from participants yielded mixed views about the self-monitoring device, although many were
positive. Logistical difficulties were mentioned and the device did not allow real-time feedback,
other than the prompt function. With the rapid development of wearable technologies, and
given that the Gruve was selected for the study in 2010, it is clear that newer technologies will
have better functionality and provide real-time feedback. This should increase the probability
of such a device facilitating behaviour change.
One key factor that requires attention in future trials is that of non-attendance at the struc-
tured education workshop. This was quite high at 25% and this seemed to be a function of
being in work. Sessions were offered and run outside of normal working hours, but achieving
good attendance was still challenging. The participant burden of attending a 3h structured edu-
cational workshop is high. Moreover, we had high attrition at follow up visits and we underesti-
mated dropout and non-compliance with the primary outcome measure. This led to large
amounts of missing data. Future studies working with this type of population need to address
this and be aware of the challenges of recruiting and retaining such participants. More needs to
be known about the demands of attending an educational workshop and testing sessions, and
the consequences of being asked to wear certain types of movement sensors throughout the
day.
In summary, we were not successful in bringing about a reduction in sedentary behaviour at
12 months for young adults at risk of T2DM. Future trials should consider the nature and
length of structured education for this age group, how to include environmental changes, mak-
ing a clear distinction between ‘too much sitting’ and ‘too little exercise’, and better technolo-
gies to self-monitor and prompt behaviour change. The ubiquitous and habitual nature of
sitting in modern society may mean that behaviour change will be challenging.
Supporting Information
S1 CONSORT Checklist. CONSORT checklist.
(DOC)
S1 File. Protocol published paper.
(PDF)
S1 Protocol. Trial Protocol.
(DOC)
S1 Table. Characteristics of those who did and did not complete the study, by treatment
group.
(DOCX)
S2 Table. Characteristics of those in intervention group who attended/did not attend edu-
cation session.
(DOCX)
Sedentary Time in Young Adults at Risk of Type 2 Diabetes Mellitus
PLOS ONE | DOI:10.1371/journal.pone.0143398 December 1, 2015 10 / 13
S3 Table. Self-reported sedentary behaviours.
(DOCX)
S4 Table. Secondary outcomes by randomisation group.
(DOCX)
S5 Table. Sensitivity analysis.
(DOCX)
Author Contributions
Conceived and designed the experiments: SJHB MJD TG KKMAN TY CLE EGW. Performed
the experiments: CLE EGW. Analyzed the data: DHB NA. Wrote the paper: SJHB MJD TG KK
MAN TY CLE EGWDHB.
References
1. Hex N, Bartlett C, Wright D, Taylor M, Varley D. Estimating the current and future costs of Type 1 and
Type 2 diabetes in the UK, including direct health costs and indirect societal and productivity costs. Dia-
betic Medicine. 2012; 29(7):855–62. doi: 10.1111/j.1464-5491.2012.03698.x PMID: 22537247
2. Wilmot EJ, Davies MJ, Yates T, Benhalima K, Lawrence IG, Khunti K. Type 2 diabetes in younger
adults: the emerging UK epidemic. Postgraduate Medical Journal. 2010; 86(1022):711–8. doi: 10.1136/
pgmj.2010.100917 PMID: 20966485
3. Wilmot EG, Edwardson CL, Biddle SJH, Gorely T, Henson J, Khunti K, et al. Prevalence of diabetes
and impaired glucose metabolism in younger ‘at risk’ UK adults: insights from the STAND programme
of research. Diabetic Medicine. 2013; 30(6):671–5. doi: 10.1111/dme.12173 PMID: 23506383
4. Feltbower RG, McKinney PA, Campbell FM, Stephenson CR, Bodansky HJ. Type 2 and other forms of
diabetes in 0–30 year olds: a hospital based study in Leeds, UK. Archives of Disease in Childhood.
2003; 88:676–9. PMID: 12876160
5. Grinstein G, Muzumdar R, Aponte L, Vuguin P, Saenger P, DiMartino-Nardi J. Presentation and 5-year
follow-up of type 2 diabetes mellitus in African-American and Caribbean-Hispanic adolescents. Hor-
mone Research in Paediatrics. 2003; 60:121–6. doi: 10.1159/000072523
6. Gillies CL, Abrams KR, Lambert PC, Cooper NJ, Sutton AJ, Hsu RT, et al. Pharmacological and life-
style interventions to prevent or delay type 2 diabetes in people with impaired glucose tolerance: sys-
tematic review and meta-analysis. British Medical Journal. 2007; 334:299. doi: 10.1136/bmj.39063.
689375.55 PMID: 17237299
7. Edwardson CL, Gray LJ, Yates T, Barber SR, Khunti K, Davies MJ. Detection and early lifestyle inter-
vention in those at risk of type 2 diabetes. European Medical Journal. 2014; 2:48–57.
8. Wilmot EG, Edwardson CL, Achana FA, Davies MJ, Gorely T, Gray LJ, et al. Sedentary time in adults
and the association with diabetes, cardiovascular disease and death: systematic review and meta-anal-
ysis. Diabetologia. 2012; 55(11):2895–905. doi: 10.1007/s00125-012-2677-z PMID: 22890825
9. Edwardson CL, Gorely T, Davies MJ, Gray LJ, Khunti K, Wilmot EG, et al. Association of sedentary
behaviour with metabolic syndrome: a meta-analysis. PLoS ONE. 2012; 7(4):e34916. doi: 10.1371/
journal.pone.0034916 PMID: 22514690
10. Chau JY, Grunseit AC, Chey T, Stamatakis E, BrownWJ, Matthews CE, et al. Daily sitting time and all-
cause mortality: a meta-analysis. PLoS ONE. 2013; 8(11):e80000. doi: 10.1371/journal.pone.0080000
PMID: 24236168
11. Brocklebank LA, Falconer CL, Page AS, Perry R, Cooper AR. Accelerometer-measured sedentary
time and cardiometabolic biomarkers: A systematic review. Preventive Medicine. 2015; 76:92–102. doi:
10.1016/j.ypmed.2015.04.013 PMID: 25913420
12. Dunstan DW, Kingwell BA, Larsen R, Healy GN, Cerin E, Hamilton MT, et al. Breaking up prolonged sit-
ting reduces postprandial glucose and insulin responses. Diabetes Care. 2012; 35(5):976–83. doi: 10.
2337/dc11-1931 PMID: 22374636
13. Evans RE, Fawole HO, Sheriff SA, Dall PM, Grant PM, Ryan CG. Point-of-choice prompts to reduce sit-
ting time at work: a randomized trial. American Journal of Preventive Medicine. 2012; 43(3):293–7. doi:
10.1016/j.amepre.2012.05.010 PMID: 22898122
14. Pronk NP, Katz AS, Lowry M, Payfer JR. Reducing occupational sitting time and improving worker
health: The Take-a-Stand Project, 2011. Preventing Chronic Disease. 2012; 9:110323.
Sedentary Time in Young Adults at Risk of Type 2 Diabetes Mellitus
PLOS ONE | DOI:10.1371/journal.pone.0143398 December 1, 2015 11 / 13
15. Shrestha N, Ijaz S, Kukkonen-Harjula KT, Kumar S, Nwankwo CP. Workplace interventions for reduc-
ing sitting at work. Cochrane Database of Systematic Reviews. 2015. doi: 10.1002/14651858.
CD010912.pub2
16. National Institute for Health & Care Excellence. NICE clinical guideline 87: Type 2 diabetes—the man-
agement of type 2 diabetes2009. guidance.nice.org.uk/cg87 p.
17. NICE. Guidance on the use of patient-education models for diabetes: Technology Appraisal Guidance
60. London: National Institute for Clinical Excellence; 2003.
18. DH and Diabetes UK. Structured patient education in diabetes—Report from the Patient Education
Working Group. London: Department of Health; 2005.
19. Skinner TC, Carey ME, Cradock S, Daly H, Davies MJ, Doherty Y, et al. Diabetes education and self-
management for ongoing and newly diagnosed (DESMOND): Process modelling of pilot study. Patient
Education and Counselling. 2006; 64:369–77.
20. Yates T, Davies M, Gorely T, Bull F, Khunti K. Rationale, design and baseline data from the PREPARE
(Pre-diabetes Risk Education and Physical Activity Recommendation and Encouragement) programme
study: A randomized controlled trial. Patient Education and Counselling. 2008; doi: 10.1016/j.pec.2008.
06.010
21. Yates T, Davies M, Gorely T, Bull F, Khunti K. Effectiveness of a pragmatic education program
designed to promote walking activity in individuals with impaired glucose tolerance: a randomized con-
trolled trial. Diabetes Care. 2009; 32:1404–10. doi: 10.2337/dc09-0130 PMID: 19602539
22. Neuhaus M, Eakin EG, Straker L, Owen N, Dunstan DW, Reid N, et al. Reducing occupational seden-
tary time: a systematic review and meta-analysis of evidence on activity-permissive workstations. Obe-
sity Reviews. 2014; 15(10):822–38. doi: 10.1111/obr.12201 PMID: 25040784
23. Aadahl M, Linneberg A, Moller TC, Rosenorn S, Dunstan DW,Witte DR, et al. Motivational counseling
to reduce sitting time: a community-based randomized controlled trial in adults. American Journal of
Preventive Medicine. 2014; 47(5):576–86. doi: 10.1016/j.amepre.2014.06.020 PMID: 25113139
24. Wilmot EG, Davies M, Edwardson C, Gorely T, Khunti K, NimmoM, et al. Rationale and study design
for a randomised controlled trial to reduce sedentary time in adults at risk of type 2 diabetes mellitus:
project stand (Sedentary Time ANd diabetes). BMC Public Health. 2011; 11(1):908. doi: 10.1186/1471-
2458-11-908
25. World Health Organisation. Definition and diagnosis of diabetes mellitus and intermediate hyperglyce-
mia: report of a WHO/IDF consultation. Geneva: Author; 2006.
26. Davies MJ, Heller S, Skinner TC, Campbell MJ, Carey ME, Cradock S, et al. Effectiveness of the diabe-
tes education and self management for ongoing and newly diagnosed (DESMOND) programme for
people with newly diagnosed type 2 diabetes: Cluster randomised controlled trial. British Medical Jour-
nal. 2008; 336(7642):491–5. doi: 10.1136/bmj.39474.922025.BE PMID: 18276664
27. Healy GN, Wijndaele K, Dunstan DW, Shaw JE, Salmon J, Zimmet PZ, et al. Objectively measured
sedentary time, physical activity, and metabolic risk: The Australian Diabetes, Obesity and Lifestyle
Study (AusDiab). Diabetes Care. 2008; 31:369–71. PMID: 18000181
28. Freedson PS, Melanson E, Sirard J. Calibration of the Computer Science and Applications, Inc. accel-
erometer. Medicine and Science in Sports & Exercise. 1998; 30(5):777–81.
29. Edwardson CL, Bakrania K, Bodicoat D, Yates T, Healy G, Winkler E. Validation of an automated
STATA algorithm developed for isolating waking wear data in activPAL data. International Conference
on Ambulatory Monitoring of Physical Activity and Movement; Limerick, Ireland2015.
30. Rosenberg DE, Bull FC, Marshall AL, Sallis JF, Bauman AE. Assessment of sedentary behavior with
the International Physical Activity Questionnaire. Journal of Physical Activity & Health. 2008; 5(Suppl.
1):S30–S44.
31. Marshall AL, Miller YD, Burton NW, BrownWJ. Measuring total and domain-specific sitting: A study of
reliability and validity. Medicine & Science in Sports & Exercise. 2010; 42(6):1094–102.
32. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density lipoprotein
cholesterol in plasma, without use of the preparative ultracentrifuge. Clinical Chemistry. 1972; 18
(6):499–502. PMID: 4337382
33. Calvert M, Blazeby J, Altman DG, Revicki DA, Moher D, Brundage MD, et al. Reporting of patient-
reported outcomes in randomized trials: The CONSORT PRO extension. Journal of the American Medi-
cal Association. 2013; 309(8):814–22. doi: 10.1001/jama.2013.879 PMID: 23443445
34. Michie S, Atkins L, West R. The behaviour change wheel: a guide to designing interventions. London:
Silverback Publishing; 2014.
35. Michie S, van Stralen M, West R. The behaviour change wheel: A new method for characterising and
designing behaviour change interventions. Implementation Science. 2011; 6(1):42 http://www.
implementationscience.com/content/6/1/. doi: 10.1186/1748-5908-6-42
Sedentary Time in Young Adults at Risk of Type 2 Diabetes Mellitus
PLOS ONE | DOI:10.1371/journal.pone.0143398 December 1, 2015 12 / 13
36. Martin A, Fitzsimons C, Jepson R, Saunders DH, van der Ploeg HP, Teixeira PJ, et al. Interventions
with potential to reduce sedentary time in adults: systematic review and meta-analysis. British Journal
of Sports Medicine. 2015;Published Online First: 19 June, 2015. doi: 10.1136/bjsports-2014-094524
37. Abraham C, Michie S. A taxonomy of behavior change techniques used in interventions. Health Psy-
chology. 2008; 27(3):379–87. doi: 10.1037/0278-6133.27.3.379 PMID: 18624603
Sedentary Time in Young Adults at Risk of Type 2 Diabetes Mellitus
PLOS ONE | DOI:10.1371/journal.pone.0143398 December 1, 2015 13 / 13
